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The exam should be answered on the Answer Sheet provided.  Please ensure that your name 
and student number have been written on the Answer sheet and place in the completed 
answer Booklet. 
Marks for each question are indicated 
------------------------------------------------------------------------------------------------------------------- 
Question 1 
Fresh feed containing 20 mol% of C2H4 and the rest of water is fed to a continuous reactor. The 
reactor products are fed to a condenser that has two product streams, a vapor stream that 
contains C2H4, C2H5OH and water vapor, and a liquid stream that contains the remaining 
ethanol, ethylene oxide, and water. The vapor stream from the condenser is recycled and 
mixed with the fresh feed to be fed to the reactor. The overall process yield is 80 % of ethanol 
produced with respect to C2H4. In the reactor, ethanol is produced by steam reformation with 
ethylene (Reaction 1). An undesired side reaction, ethylene oxide is formed (Reaction 2). 
𝐶𝐶2𝐻𝐻4 + 𝐻𝐻2𝑂𝑂 → 𝐶𝐶2𝐻𝐻5𝑂𝑂𝐻𝐻  (Reaction 1) 2𝐶𝐶2𝐻𝐻5𝑂𝑂𝐻𝐻  → (𝐶𝐶2𝐻𝐻5)2𝑂𝑂 + 𝐻𝐻2𝑂𝑂  (Reaction 2) 
If the ratio of water in the recycle stream to water in the product stream is 1:10, and the ratio 
of the ethylene in the recycle to ethylene in the fresh feed is 4:1. The mole fraction of ethanol 
in the reactor exit stream is 0.157. 
a) Determine the recycle flow rate and the single pass conversion of the ethylene in the 
reactor. (Marks: 5) 
b) Determine the material balance of the entire process. (Marks: 15) 
c) Calculate the energy requirements in the reactor if the temperature of the feed stream 
(not the fresh feed ) is 150 °C and the temperature of the stream coming out of the 
reactor is 500 °C. (Marks: 20) 
 Cp 𝑘𝑘𝑘𝑘 𝑘𝑘𝑘𝑘 𝐾𝐾�  𝐻𝐻𝑓𝑓,298  �𝑘𝑘𝑘𝑘 𝑘𝑘𝑔𝑔𝑔𝑔𝑔𝑔� � 
𝐶𝐶2𝐻𝐻4 1.53 52.3 
𝐶𝐶2𝐻𝐻5𝑂𝑂𝐻𝐻 1.88 -234.81 (𝐶𝐶2𝐻𝐻5)2𝑂𝑂 2.35 -252.21 
𝐻𝐻2𝑂𝑂 1.852 -242.0 
 
(Total Marks: 40) 
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Question 2 
A solution containing 10.00 mass% NaCl, 3.00% KCl and the remainder water is fed to the 
separation process shown below.  The feed rate is 18400 kg/hr.  The evaporator product (P) 
stream composition is 16.8% NaCl, 21.6% KCl, and the balance water.  The recycle (R) stream 
contains 18.9% NaCl, some KCl, and the balance water.  For simplicity, the bottom products of 
the evaporator and the crystallizer are presumed to be pure and dry compounds.  All 
compositions are given in weight percentages. Calculate the total flow rate and the weight 
percentage composition of all streams indicated on the flow chart. 
 
 (Total Marks:20) 
Question 3 
The feed stream to a Claus plant consist of 20.0mole% H2S and 80mol% CO2. One third of the 
stream is send to a furnace where the H2S is burned completely with a stoichiometric amount 
of air fed at 1 atm and 25 °C. The reaction is  
𝐻𝐻2𝑆𝑆 + 32 𝑂𝑂2 → 𝑆𝑆𝑂𝑂2 + 𝐻𝐻2𝑂𝑂(Reaction 1) 
The product gases from this reaction are then mixed with the remaining two-thirds of the feed 
stream and send to a reactor in which the following reaction goes to completion. 
 2𝐻𝐻2𝑆𝑆 + 𝑆𝑆𝑂𝑂2 → 3𝑆𝑆 + 2𝐻𝐻2𝑂𝑂 (Reaction 2) 
The gases leave the reactor flowing at a rate of 10.0 m3/min at 334 °C and 4050 kPa absolute. 
Assuming real gases, determine the feed of air in kmol/min 
Species Tc (K) Pc (bar) Vc (cc/mol) ω 
𝐻𝐻2𝑆𝑆 373.1 90 98.13 0.100 
𝑂𝑂2 154.6 50.43 73.4 0.022 
𝑆𝑆𝑂𝑂2 430.8 78.84 122.0 0.245 
𝐻𝐻2𝑂𝑂 647.1 220.55 55.9 0.345 
𝑁𝑁2 126.2 34.00 89.2 0.038 
𝐶𝐶𝑂𝑂2 304.25 73.83 94.0 0.224 
S 1314 207.0 ----- ----- 
(Total Marks: 40) 
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